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GENERAL INTRODUCTION 
Kernel Rot of Corn 
Kernel rot of com (Zea mays L.) was described by Sheldon et al. in 1904. 
Other common disease names associated with Fusarium moniliforme include 
seedling blight, stalk rot, and ear rot. Fusarium moniliforme also attacks rice, 
sorghum, and sugar cane (7, 74). The fungus was first described on moldy com 
ears in Nebraska by Sheldon (58, 65). Synonyms of this pathogen are Fusarium 
moniliforme var. subglutinans; F. verticillioides; and F. sacchari var. 
subglutinans. The teleomorph is known as Gibberella fujikuroi. Growth of F. 
moniliforme in culture is initially flat, colorless, and rapid (7). Cultures viewed 
from below are typically dark violet, sometimes paler lilac, vinaceous or cream; 
aerial mycelium is dense flocosse, white purplish, often with a powdery 
appearance. Macroconidia of F. moniliforme occur sparsely on agar medium, are 
3 to 7 septate, and measure 15-60 x 2.2 - 4.9 ixm. Macroconidiophores are 
unbranched or branched, and monophialidic, which is characteristic of Fusarium 
species in the section Liseola (47). Microconidia occur in long chains and 
measure 5-12 x 2-3 ^m. The microconidiophores are long, unbranched or 
branched, and monophialidic. Perithecia are blue black. Ascospores are mostly 
septate and measure 12-17 x 4.5 - 7.0 /l^m (41). 
Fusarium moniliforme is a world-wide pathogen of com, ranging from the 
humid and semi-arid temperate zones to the sub-tropical and tropical areas of the 
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globe (7, 53, 56). In North America it has been reported from the Gulf Coast 
(18) to Canada (71) and from New Jersey (45) to California (61). Distribution 
has been reported from the Americas, Europe, Asia, Africa, and Australia (41). 
Fusarium kernel rot symptoms are characterized by white, salmon pink to 
reddish brown discolored kernels randomly found over the ear (30, 31, 32, 39). 
As disease progresses, the infected kernels show a powdery or cottony-pink mold 
growth, and rotted areas may coalesce. Rot area may occur only at the tip 
following bird damage, around channels made by com borers and by other 
insects, and in silk-cut ears (29, 60, 71, 73). White streaks are observed on 
infected kernels, which are caused by air channels beneath the pericarp (30, 39). 
It has been stated (9, 42, 54, 63) that apparently healthy seeds are also infected 
with F. moniliforme. 
Differences in susceptibility to ear infection have been recognized (10); 
sweet com is usually more susceptible than dent com to seed rot and seedling 
blight. Opaque 2, high lysine inbreds are more susceptible than normal inbreds 
(19). Susceptible com hybrids infected with F. moniliforme may show symptoms 
of seed rot and seedling blight (10, 7, 32). The fungus is also commonly 
associated with stalk rots (13, 5, 7, 32). 
Fusarium moniliforme was detected on 60% of com plants in a Minnesota 
survey (33). Ear rots were detected on up to 8% of com plants in fields 
surveyed from 1924 to 1951, and the most severe infection occurred after insect 
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injury (32). Ear rots of com reduce the yield and quality of the grain, and may 
decrease the germination of seed (15, 64). Seedling rots are a significant 
problem in the southern USA (22). 
Crop damage due to F. moniliforme on irrigated com was estimated from 
5 to 10% in Kansas (20). Severe outbreaks of stalk rot of com frequently occur 
during seasons with inadequate precipitation (13). The use of seed infected by F. 
moniliforme may result in reduced germination with accompanying stand and 
yield reduction. This is contradictory because some researchers (32, 67) mention 
that the fungus was not a vigorous pathogen and found no correlation between 
infection, seedling blight, poor stand, or grain yield (8, 18, 44, 59). However, 
other workers (17, 24, 27, 45, 69, 63) found the use of infected seed, as revealed 
by germination tests, significantly reduced the stand and subsequent yield. The 
reason for the contradictory findmgs may be due to the variability of the fungus, 
the influence of weather, or to the antagonism of soil micro-organisms towards 
surface bome F. moniliforme (45, 59, 35). Ear rots of com reduce the yield and 
quality of the grain and may decrease the germination of seed (15, 64). In years 
when weather conditions were favorable for ear rot development, almost 70% of 
the grain was graded as number 3 or poorer (25, 71). Dent seed com infected 
with F. moniliforme results in a lower yield than uninfected seed (34). 
One smdy, in which 84 hybrids and 6 inbreds were naturally infected in 
four environments, indicated that ear kemel infection was under genetic control 
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(9) with the pericarp identified as the site of resistance (16). Another study 
indicated that resistance to seedling blight was maternally inherited (14). The 
role of resistance in relation to stalk rot is not clear (2, II). 
F. moniliforme spores can be disseminated by wind, water splash or 
insects (32). It has been reported that spores can be carried 300 to 400 km by 
strong air currents (52). European com borers, picnic beetles, and com 
earworms may serve as vectors for F. moniliforme or they may make wounds that 
become infection courts for wind-blown spores (29, 53, 61, 73). But die primary 
source of inoculum may be wind-bome conidia that fall on the silks (8, 30, 32, 
28, 38, 39). F. moniliforme infections of kernels start after silking (32, 38). 
Highest levels of infection are observed when the kernels reach a marnre stage. 
Systemic infection was suggested by Foley (21). Lawrence (34) demonstrated 
that F moniliforme grows from infected kemels upward in the plant to the cob, 
where it infects developing kemels. Kedera and Leslie (28) demonstrated that 
seed infested with F. moniliforme resulted in systemic infection of the com plant. 
F. moniliforme overwinters in plant debris or in soil as dormant perithecia, 
sclerotia or thickened hyphae (7, 49), but it is believed to have poor competitive 
saprophytic ability (50). 
The fungus has been found intercellularly in seeds (34). The mycelium 
was observed in the inner layers of pericarp and rarely in the endosperm, 
although mycelium have been reported in embryos (60). Smdies by Summer (65) 
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also showed fungal hyphae between the abscission layer and the pedicel of the 
kernel. In micrographs of sectioned sweet com kernels, F. moniliforme was 
found in the vascular tissue. In a histopathological study conducted by Lawrence 
et al. (34), myceliimi was present in the basal part of the embryo directly above 
the closing layer. 
Control of Fusarium moniliforme has been achieved by resistance, 
management, fungicide treatment, and also by biological control. Differences in 
susceptibility to ear infection have been recognized (32). High lysine hybrids and 
sweet com varieties are very susceptible. Opaque-2, high lysine inbreds are 
more susceptible than normal inbreds (70). Early harvest is recommended to 
avoid grain deterioration from weathering. Balanced fertility and low plant 
populations have also been recommended to manage the disease (51). In one 
smdy (70) foliar sprays with benomyl did not reduce ear or stalk rot. However, 
Raju and Lai (55) demonstrated that captan, benomyl and thiram were effective in 
reducing seedborae inoculum. Inoculum also can be reduced by dry heat (57) 
and aerated steam (46). Biological control was demonstrated with Gliocladium 
roseum, which reduced infection m seedlings germinated on agar plates (66). 
Identification Assays 
Traditionally, Fusarium species are identified by microscopic and colony 
characters (47). However, the differences between some species such as F. 
moniliforme, F. proliferatum and F. subglutinans are subtle, and identification 
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requires an experienced eye. Characterizations may require laborious, expensive 
and time consuming procedures such as pathogenicity tests (3, 35), determination 
of a vegetative compatibility group (37), mating tests (26), mycotoxin assays 
(43), and isozyme profiles (75), which are not always easy to interpret. 
Accurate identification of strains is important to determine pathogen 
dispersal, spread, and host infection in field studies. Virulence has been a useful 
characteristic for differentiating strains of Fusarium spp., however, it has been 
shown to be influenced by host age and method of inoculation. Identification has 
also been done by generating mutants with specific markers (1), but other 
mutations can be introduced with marker mutation. Recently, Leslie (37) has 
used vegetative compatibility as another useful tool for identifying diversity 
among strains of Fusarium. To determine if two strains are vegetatively 
compatible, the strains must be marked with complementary deficiencies in nitrate 
metabolism, and after pairing heterokaryon growth can be detected on a minimal 
medium. 
In mating studies, female-fertile tester strains are developed to detect other 
members of the same mating population through sexual crosses made under 
laboratory conditions. Low fertility has led to confusion in determining mating 
populations (36). 
Electrophoresis of soluble enzymes is an indirect method of determining 
genetic differences at enzyme loci. Isozyme markers studies have been used to 
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delineate taxa that are morphologically similar or variable and have also been 
useful for quantifying genetic variation in populations or species (6, 75). 
Progress in molecular biology has produced a variety of techniques that 
permit differentiation among fungal taxa and strains. The ability to determine 
DNA sequences has increased the number of characters available to taxonomists. 
DNA-DNA hybridization measures homology between genomes of different taxa, 
with the assimiption that the degree of homology is a measure of phylogenetic 
relatedness (4). Restriction fragment length polymorphisms (RFLP) (48) can 
more precisely detect variation in DNA. 
Harrington and Winfield (23) amplified the IGS (Intergenic Spacer) region 
of the ribosomal DNA (rDNA) using the polymerase chain reaction (PGR). With 
the use of several restriction enzymes they screened the PGR products for unique 
restriction fragment length polymorphisms (RFLPs). Using this approach they 
were able to differentiate among the European and North American species of 
Armillaria. 
In 1990 Williams et al. (72) described an assay based on the amplification 
of random DNA fragments with short primers of arbitrary nucleotide sequence. 
These short primers v/ere used to amplify DNA from different species (72, 12, 
40). The researchers demonstrated that single primers may detect polymorphisms 
among individuals of a single species. RAPD markers have proven useful for 
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studies of genetic diversity, genetic mapping, genetic relationships, plant 
breeding, DNA fingerprinting, and population genetics (68). 
Dissertation Organizatioii 
This dissertation consists of a general introduction, literature cited, one 
paper entitled, "Molecular variation in strains of Fusarium spp. affecting com 
seed quality" and a general summary. The paper will be submitted for 
publication to Phytopathology. The doctoral candidate, E. Alvarez, is the senior 
author on the paper with Dr. D. C. McGee and Dr. T. C. Harrington as 
coauthors. 
Literature Cited 
1. Andrews, J. H. 1986. How to track a microbe. Pages 14-34 in: The 
microbiology of the phylosphere. N. J. Fokkema and J. van den Heuvel, 
eds. Cambridge University Press, Cambridge, 392 pp. 
2. Arnold, J. M., Piovarci, A., Bauman, L. F. and Poneleit, C. G. 1974. 
Weight, oil, and fatty acid composition of normal, opaque-2, and floury-2 
maize kernels. Crop Sci. 14:498-599. 
3. Bacon, C. W., Hinton, D. M., and Richardson, M. D. 1994. A com 
seedling assay for resistance to Fusarium moniliforme. Plant Dis. 78:302-
305. 
4. Barret, J. 1986. Molecular variation and evolution. Pages 83-95 in A. 
D. M. Rayner et al. eds. Evolutionary biology of the fungi. Cambridge 
University Press. 
5. Boling, M. B., Grogan, C. 0. and Broyles, J. W. 1969. A new method 
of artificially producing epiphytotics of Fusarium ear rot of maize. Plant 
Dis. Rep. 47:315-317. 
9 
6. Bonde, M. R., Peterson, G. L., Dowler, W. M. and May, B. 1984. 
Isozyme analysis to differentiate species of Peronosclerospora causing 
downy mildews of maize. Phytopathology 74:1278-1283. 
7. Booth, C. 1971. The genus Commonw. Mycol. Inst., Kew, 
Surrey, England. 237p. 
8. Branstetter, B. B. 1927. Com root rot smdies. Mo. Agric. Exp. Stn. 
Res. Bull. 113. 80p. 
9. Branstetter, B. B. 1927. Fungi internal to Missouri seed com. Agron. J. 
14:354-355. 
10. Bressani, R. 1975. Improving maize diets with amino acid and protein 
supplements. Pages 38-57 m L. F. Bauman et al., eds. High-quality 
protein maize. Dowden, Hutchinson, and Ross, Inc., Stroudsburg, Pa. 
11. Brodnik, T. 1975. Influence of toxic products of grammefln/wi 
and F. moniliforme on maize seed germination and embryo growth. 
SeedSci. Technol. 3:691-696. 
12. Caetano-Anolles, G., Bassam, B. J., and Gresshoff, P. M. 1991. DNA 
amplification fingerprinting using very short arbitrary oligonucleotide 
primers. Biotechnology 9:553-556. 
13. Christensen, J. J., and Wilcoxson, R. D. 1966. Stalk Rot of Com. 
Monogr. 3, American Phytopathological Society, St. Paul, MN. 
14. Chowdry, M. H., and Buchele, W. F. 1976. Colorimetric determination 
of grain damage. Trans. Am. Soc. Agric. Eng. 19:807-811. 
15. Cole, R. J., Kirksey, J. W., Cutler, H. G. et al. 1973. Toxin from 
Fusarium moniliforme-. Effect on plants and animals. Science 173:1324-
1326. 
16. Djakamihardja, S., Scott, G. E., and Futrell, M. C. 1970. Seedling 
reaction of inbreds and single crosses of maize to Fusarium moniliforme. 
Plant Dis. Rep. 54:307-310. 
10 
17. Duddleston, B. H., and Hoffer, G. N. 1921. The improved rag-doll 
germinator as an aid in controlling root, stalk, and ear-rots of com. 
Phytopathology 11:33. (Abstr.). 
18. Edgerton, C. W., and Kidder, A. F. 1925. Fungus infection of seed 
com kemels and the importance of germination tests. La. Agric. Exp. 
Sto. Bull. 193. 24p. 
19. Edwards, E. T. 1941. Internal grain infection in maize. Austr. Inst. 
Agric. Sci. J. 7:74-81. 
20. El-Meleigi, M. A., Claflin, L. E. and Raney, R. J. 1983. Effect of 
seed-bome Fusarium moniliforme and irrigation scheduling on colonization 
of root and stalk tissue, stalk rot incidence and grain yields. Crop Sci. 
23:1025-1028. 
21. Foley, D. C. 1962. Systemic infection of com by Fusarium moniliforme. 
Phytopathology 52:870-872. 
22. Futrell, M. C., and Kilgore, M. 1969. Poor stands of com and reduction 
of root growth caused by Fusarium moniliforme. Plant Dis. Rep. 53:213-
215. 
23. Harrington, T. C., and Wingfield, B.D. 1995. A PCR-based 
identification method for species of Armillaria. Mycologia. 87:280-288. 
24. Holbert, J. R., Burlison, W. L., Koehler, B. et al. 1924. Com stalk, 
root and ear rots: Control through breeding. III. Agric. Exp. Sto. Bull. 
255:235-478. 
25. Hoppe, P. E., and Holbert, J. R. 1943. Relative prevalence and 
geographical distribution of various ear rots in the 1942 com crop. Plant 
Dis. Rep. 27:199-203. 
26. Hsieh, W. H., Smith, S. N. and Snyder, W. C. 1977. Mating groups in 
Fusarium moniliforme. Phytopathology 67:1041-1043. 
27. Hume, A. N., and Fanzke, C. J. 1933. The germination of seed com 
and its relation to the occurrence of molds during germination. S. D. 
Agric. Exp. Sto. Bull. 275. 20p. 
11 
28. Kedera, C. J., Leslie, J. F. and Claflin, L. E. 1992. Systemic infection 
of com by Fusarium moniliforme. Phytopathology 82:1138 (Abstr.). 
29. Koehler, B., and Holbert, J. R. 1930. Com diseases in Illinois. III. 
Agric. Exp. Stn. Bull. 354. 164p. 
30. Koehler, B. 1942. Natural mode of entrance of fungi into com ears and 
some symptoms that indicate infection. J. Agric. Res. 64:421-442. 
31. Koehler, B. 1957. Pericarp injuries in seed com relation to seedling 
blights. 111. Agric. Exp. Stn. Bull. 617-72. 
32. Koehler, B. 1959. Com ear rots in Illinois. 111. Agric. Exp. Sm. Bull. 
639. 87p. 
33. Kommedahl, T., Windels, C. E. and Wiley, H. B. 1978. Fusarium 
infected stalks and other diseases of com in Minnesota in 1977. Plant 
Dis. Rep. 62:692-694. 
34. Lawrence, B. E., Nelson, P. E. and Ayers, J. E. 1981. Histopathology 
of sweet com seed and plants infected with Fusarium moniliforme and F. 
oxysporum. Phytopathology 71:379-386. 
35. Leonian, L. H. 1932. The pathogenicity and variability of Fusarium 
moniliforme from com. W. Va. Agric. Exp. Sto. Bull. 248. 16p. 
36. Leslie, J. F. 1991. Mating populations in Gibberella fujikuroi {Fusarium 
Section Liseola. Phytopathology 81:1058-1060. 
37. Leslie, J. F. 1993. Fungal vegetative compatibility. Annu. Rev. 
Phytopathol. 31:127-150. 
38. Limber, D. P. 1927. Fusarium moniliforme in relation to diseases of 
com. Ohio J. Sci. 27:232-246. 
39. Manns, T. F., and Adams, J. F. 1923. Parasitic fiingi internal of seed 
com. J. Agric. Res. 23:495-524. 
12 
40. Martin, G. B., Williams, J. G. K., and Tanksley, S. D. 1991. Rapid 
identification of markers linked to a Pseudomonas resistance gene in 
tomato by using random primers and near-isogenic lines. Proc. Natl. 
Acad. Sci. USA 88:2336-2340. 
41. McGee, D. C. 1993. Maize Diseases. A reference source for seed 
technologists. APS Press. 
42. Miller, J. H. 1952. The presence of internal mycelium in com grains in 
relation to external symptoms of ear rot. Phytopathology 42:286 (Abstr.) 
43. Miller, J. D., Greenhalgh, R., Wang, Y. Z. and Lu, M. 1991. 
Trichothecene chemotypes of three species. Mycologia 83:121-
130. 
44. Melchers, L. E., and Johnston, C. O. 1923. Com rot, stalk, and ear rot 
disease investigations in Kansas: Report of progress 1922. 
Phytopathology 13:52. (Abstr.). 
45. Moore, W. D. 1923. Com root and ear rot smdies. N.J. Agric. Exp. 
Sm. Annu. Rep. 44:404-407. 
46. Navaratoam, S. J., Shuttleworth, D., and Wallace, D. 1980. The effect 
of aerated steam on six seed-borae pathogens. Aust. J. Exp. Agric. 
Anim. Husb. 20:97-101. 
47. Nelson, P. E. 1992. Taxonomy and biology of Fusarium moniliforme. 
Mycopathologia 117:29-36. 
48. Nicholson, P., Jenkinson, P. Rezanoor, H. N. and Parry, D. W. 1993. 
Restriction fragment length polymorphism analysis of variation in 
Fusarium species causing ear blight of cereals. Plant Pathology 42:905-
914. 
49. Nyvall, R. P., and Kommendahl, T. 1968. Individual thickened hyphae 
as survival structures of Fusarium moniliforme in com. Phytopathology 
58:1704-1707. 
50. Nyvall, R. P., and Kommendahl, T. 1970. Saprophytism and survival of 
Fusarium moniliforme in com stalks. Phytopathology 60:1233-1235. 
13 
51. Nyvall, R. F., and Martinson, C. 1983. Com diseases. Coop. Ext. Ser. 
Iowa State University. Pni-596. 
52. Ooka, J. J., and Kommendahl, T. 1977. Wind and field dispersal of 
Fusarium moniliforme in com fields. Phytopathology 67:1023-1026. 
53. Ortega, A. 1974. Maize insects and diseases. Chap. 7 in World-wide 
maize improvement in the 70's and the role of CIMMYT. Centro 
Intemacional de Mejoramiento de Maiz y Trigo, El Batan, Mexico. 
54. Ragab, M. M., and Fahim, M. M. 1970. Pathological and histological 
smdies of Fusarium moniliforme, the incitant of pink rot disease of maize 
in U.A.R. Agric. Res. Rev., Cairo 48:141-156. 
55. Raju, C. A., and Lai S. 1977. Efficacy of fungicides in controlling seed-
bome infection of Cephalosporium acremonium and Fusarium moniliforme 
in maize. Indian. Phytopathol. 30:17-20. 
56. Renfro, B. L., and Ullstmp, A. J. 1973. A comparison of maize 
diseases in temperate and tropical environments. Abstr. No. 1043 in 
Abstracts of Papers. 2nd Int. Congr. Plant Pathol., 5-12 Sept., 
Minneapolis, Miimesota (unpaged). 
57. Russel, G. H., and Beijak, P. 1983. Some attempted control measures 
against F. verticillioides in stored maize seeds. Seed Sci. Technol. 
11:441-448. 
58. Sheldon, J. L. 1904. A com mold. Nebraska Agr. Expt. Sta. 17th Ann. 
Rept. 17:23-37. 
59. Sherbakoff, C. D. 1924. Common molds of com seeds in relation to 
yield. Phytopathology 14:46. (Abstr.). 
60. Singh, D., and Singh, T. 1976. Location of Fusarium moniliforme in 
kernels of maize and disease transmission. Indian J. Mycol. and Plant 
Pathology 7:32-38. 
61. Smeltzer, D. G. 1959. Relationship between Fusarium ear rot and com 
ear worm infestation. Agron. J. 51:53-54. 
14 
62. Smith, F. L., and Madisen, C. B. 1949. Susceptibility of inbred lines of 
com to Fusarium ear rot. Agron. J. 41:347-348. 
63. Sreeramulu, C., and Bauman, L. F. 1970. Yield components and protein 
quality of opaque-2 and normal diallels of maize. Crop Sci. 10:262-285. 
64. Stevens, N. E. 1935. Incidence of ear rots in the 1916-1933 com crops. 
Plant Dis. Rep. 19:71-93. 
65. Sumner, D. R. 1967. Ecology of com stalk rot in Nebraska. 
Phytopathology. 58:755-760. 
66. Vakili, N. G. 1984. The role of fungicolous fiingi in biological control 
of saprophytic and phytopathogenic fungi of com kernels (Abstr.). 
Phytopathology 74:1272. 
67. Valleau, W. D. 1920. Seed com infection with Fusarium moniliforme 
and its relation to the root and stalk rots. Ky. Agric. Exp. Stn. Bull. 
226:25-51. 
68. Vierling, R. A. and Nguyen, H. T. 1992. Use of RAPD markers to 
determine the genetic diversity of diploid, wheat genotypes. Theor. Appl. 
Genet. 84:835-888. 
69. Voorhees, R. H. 1933. Gibberella moniliformis on com. 
Phytopathology 23:368-378. 
70. Warren, H. L. 1978. Comparison of normal and high-Iysine maize 
inbreds for resistance to kernel rot caused by Fusarium moniliforme. 
Phytopathology 68:1331-1335. 
71. Whimey, N. J. 1954. Ear rots in hybrid com in Essex County, Ontario 
in relation to damage by birds. Plant Dis. Rep. 38:384-387. 
72. Williams, J., A. Kubrlik, K. Livak, et al. 1990. DNA polymorphisms 
amplified by arbitrary primers are useful as genetic markers. Nucl. Acids 
Res. 18:6531-6535. 
73. Windels, C. E., Windels, M. B. and Kommedahl, T. 1976. Association 
of Fusarium species with picnic beetles on com ears. Phytopathology 
66:328-331. 
15 
74. Young, T. R., and Kucharek, T. A. 1977. Succession of fungal 
communities in roots and stalks of hybrid field com grown in Florida. 
Plant Dis. Rep. 61:76-80. 
75. Zambino, P. J., and Harrington, T. C. 1989. Isozyme variation within 
and among host-specialized varieties of Leptographium wageneri. 
Mycologia 81:122-133. 
16 
MOLECULAR VARIATION IN STRAINS OF FUSARIUM SPP. AFFECTING 
CORN SEED QUAUTY 
ABSTRACT 
Fusarium moniliforme and F. proliferatum were obtained from 20 
commercial com seed lots. These species and F. graminearum and F. 
subglutinans were compared in pathogenicity tests, in which the symptoms caused 
by individual strains were very similar, although symptom severity differed 
among strains. Infected seedlings appeared smnted and exhibited reduced root 
development compared with healthy controls. 
The majority of strains were not clearly differentiated on potato dextrose 
agar by colony type, growth or pigment production. Amplification of the ITS 
(internal transcribed spacer) region of the rDNA was obtained with template 
DNA from 50 strains using extracted DNA or by scraping mycelium. The 
amplified product for the ITS region of all species was 585 bp. Restriction digest 
with Cfol, Alul, and Mspl of the product amplified for the ITS region showed 
four different restriction patterns, which corresponded to the four species tested. 
Amplification of the IGS (intergenic spacer) region of rDNA was obtained with 
60% of the 50 strains using either extracted DNA or mycelium scrapes. The 
amplified product for the IGS region was 2330 bp for F. moniliforme and F. 
proliferatum strains, and the amplified product for F. graminearum and F. 
subglutinans strains was 2176 and 2500 bp, respectively. The product amplified 
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for the IGS region also showed four different restriction patterns for the species 
tested when digested with Cfol, and Mspl enzymes, and these patterns 
corresponded to the four species tested. Twenty random, 10 mer primers 
(Operon Technologies, Inc.) were tested, and three gave reproducible bands, as 
did rDNA primers CNSF and LR12R when used alone. Polymorphisms with 
these single primers differentiated the four species, and primer 0P04 gave bands 
that were polymorphic in F. moniliforme. 
INTRODUCTION 
Fusarium species, such as F. moniliforme. F. proliferatum, F. 
graminearum, and F. subglutinans (12), cause seedling blight (2, 17), stalk rot 
(1, 12), ear rot (12), and kernel rot (5, 17) of com. In severe cases, all infected 
kemels are rotted. Infected seed is an important source of inoculum for com 
diseases, and Fusarium moniliforme, in particular, has been demonstrated to be a 
seed bome pathogen (4, 13, 17). Furthermore, these species produce mycotoxins 
in infected grain (9, 14) that are toxic to animals (10) and humans (9, 23). 
Symptoms caused by these Fusarium species are similar, and the diseases they 
cause are difficult to separate. 
The classification of Fusarium and the identification of species has proven 
to be difficult due to their great variability in pathogenicity and morphology (18), 
resulting in the development of several classification systems (12). Fusarium 
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strains have been characterized by traditional mycological techniques including 
microscopic features (22), growth rate, and colony color (12). Fusarium species 
in section Liseola have been separated by mating tests to identify mating 
populations (7, 13, 15, 19) and by vegetative compatibility grouping (8, 20). 
Restriction fragment length polymorphism of DNA (6) and, more recently, 
randomly amplified polymorphic DNA (RAPD) analyses have been used to 
characterize variation in Fusarium (11, 5). 
The purpose of this study was to evaluate Fusarium populations in com 
seeds as they relate to com seed quality (germination and vigor). In this work, 
we describe site-directed PGR and RAPD analyses to characterize Fusarium 
species isolated firom 20 commercial com seed lots, and we correlated these 
patterns with species classification determined by classical taxonomic procedures. 
Pathogenicity of these strains was determined on com seedlings to analyze 
vimlence diversity in populations of these plant pathogens. The overall objective 
of this research was to study the genetic variation of Fusarium strains in terms of 
vimlence and DNA polymorphism. 
MATERIALS AND METHODS 
Seed lots 
Twenty com seed lots exhibiting various degrees of infection with 
Fusarium spp., as determined in the seed health testing program in the Seed 
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Science Center, Iowa State University in 1992-1993, were selected to determine 
the effects of the fungi on seed quality, examine their pathogenicity to com 
seedlings, and to compare five methods of characterization of the fungal strains. 
Seed Quality Tests 
Seed health test. Two methods were examined for detecting Fusarium 
spp. on seed. Seeds were either washed under running tap water for 30 min, air 
dried, and plated onto Nash and Snyder medium (NSM), or subjected to the same 
procedure with the inclusion of a 1 min rinse in sodium hypochlorite (2% 
NaClO). The number of seeds from which Fusarium spp. grew were counted 
and expressed on a percentage basis. To determine if infection by Fusarium spp. 
was external or internal to the embryo, ten seeds per seed lot were separately 
soaked in water for 24 h at 25°C. The endosperm and embryo were dissected 
aseptically, rinsed in sterile distilled water, and plated on NSM (20) and 
incubated at 27°C for 4 to 7 days. For each seed lot, five replicates of 10 seeds 
were tested following the procedure without the NaClO rinses (Figure 1). 
Standard germination. The germination of the 20 com seed lots was 
tested using standard procedures (3) employed by the Iowa State University Seed 
Laboratory. Four replications of 50 seeds were arranged on moistened kimpak 
(Kimberly-Clark, Neenah, WI), a creped cellulose wadding, high-density, 
absorbent pad. The seeds were incubated at 25°C under continuous fluorescent 
20 
A ' B 
Figure 1. Growth from com seed of F. moniliforme on NAS medium. A. 
Infected seed. Note thin white powdery growth. B. Non-
infected seed. 
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illumination. After 7 days, the number of germinated seeds and abnormal 
seedlings were recorded. 
Cold test. Two replications of 100 seeds were arranged on moistened 
kimpak. Field soil was placed in trays that were kept at 10°C for 7 days after 
planting, followed by an additional seven days in a germinator at 25°C. Counts 
of emerged seedlings were made 14 days after planting. 
Conductivity test. The leakage from individual seeds into free water was 
determined by placing two replicates of 100 seeds in soaking trays of distilled 
water for 24 h and measuring conductivity on each cell with an ASA 1000 m 
(Neogen Corp., Lansing, Michigan). 
Greenhouse grow-out. Seed lots were planted in sterile potting medium 
and emergence determined at 10 days at approximately 27°C under 12 hr. 
alternating light and dark. 
Characterization of strains 
Isolation. A total of 87 Fusarium colonies were selected at random from 
the 20 seed lots. They included colonies with white powdery growth typical of 
F. moniliforme and other commonly occurring colonies with white cottony 
growth. Strains were originally isolated onto NSM, transferred to V-8 agar 
medium, maintained on filter paper, and kept in storage at -20°C before testing. 
These strains and a group of reference strains (Table 1) were used to compare the 
consistency of the various procedures used in the different assays in identifying 
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Table 1. List of Fusarium strains obtained from different sources 
Species Strain No. Source 
F. moniliforme 1-77 ISU'' 
78-80 KSU^ 
F. proliferatum 81-91 ISU^* 
92-94 KSU^ 
F. graminearum 95-97 ISU^ 
F. subglutinans 98-100 ISU'" 
''Strains isolated from commercial com seed lots at Iowa State University. 
''Reference strains obtained from Dr. John Leslie at Kansas State University. 
""Strains isolated from freshly harvested ears obtained from Dr. Gary 
Munkvold. 
strains of Fusarium spp. Cultures were grown for 7 to 14 days at ITC on 
potato dextrose agar (PDA) (21) then tested for growth, morphology (22), 
pathogenicity (16), and mating reactions (19). Tests for each isolate were 
repeated twice. 
Colonv morphology. Morphology was assessed following incubation 
at 27°C for 7 to 10 days. Color production and conidial morphology were 
also assessed after 7 to 10 days growth at 27°C. 
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Growth. Mycelial plugs (3 mm diameter) were transferred to petri 
plates containing potato dextrose agar and the extent of linear growth 
determined after incubation at 27°C for 7 days. 
Pathogenicity. Strains were inoculated into 15-day old greenhouse-
grown com seedlings (cv. T500) by injecting the stem with a sterile syringe 
containing an aqueous conidial suspension (1 x 10' spore/ml). The 
seedlings were incubated in light for 48 h at 90% relative humidity and 
25°C, then transferred to the greenhouse and observed for necrotic lesions 
developed along the stems 4 to 7 days after inoculation. 
Mating Tests. Crosses of all strains were made on V-8 juice agar 
(29) and carrot agar (18) plates. For all crosses, a reference strain (Table 
1) was used as the female parent and the uncharacterized strain as the male 
parent. Strains were intercrossed when the fungus growth covered the 
plate. Sterilized water was used to wash spores of one strain (male) onto 
the surface of the other strain (female). Each cross was repeated twice. 
After crossing, the cultures were incubated at 20°C under 12-h periods of 
alternating light and dark. All crosses were observed for formation of 
perithecia and ascospores during an incubation period of up to 2 months. 
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Molecular tests 
Template DNA. DNA was extracted from 50 strains of Fusarium 
spp. using the method of Lee and Taylor (32). In some PGR reactions, 
scrapes of mycelium on PDA (7-14 day-old colonies) were used rather than 
purified DNA. A sterile pipette tip on the end of a pipette was scraped I 
cm across the actively growing mycelium at the edge of the colony. The 
tip was then placed in the PGR reaction tube containing 12.5 ul of the 
reaction mix and the mineral oil and vigorously stirred. The tube was then 
placed in the thermocycler for DNA amplification. 
Polymerase chain reaction (PGR) analysis of rPNA. The internal 
transcribed spacer (ITS) and intergenic spacer (IGS) regions of the rDNA 
were amplified using the primers shown in Table 2. Amplifications were 
made from scrapes of living mycelium as a template without DNA 
extraction and performed on a thermal cycler (MJ Research, Inc., 
Watertown, Massachusetts). Gycling conditions were an initial denamration 
of 95°G for I min, and 35 cycles of 35 sec at 95°G (denamration), 40 sec at 
57°G (annealing), 2 min at 72°G (extension), and a final extension of 10 
min at 72°G. PGR reactions were performed in a volume of 12.5 /xl 
containing 5 units taq polymerase (Promega, Madison, WI) per 
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Table 2. List of primers used for RAPD-PCR analyses 
Primer Name Primer Sequence (5'-3') 
ITS-4=' TCCTCCGCTTATTGATATGC 
ITS-S'' GGAAGTAAAAGTCGTAACAAGG 
CNSF" GAGACAAGCATATGACTACTG 
0-1= AGTCCTATGGCCGTGGAT 
LR12R= CTGAACGCCTCTAAGTC 
CLRU'^ CTGAACGCCTCTAAGTCAGAA 
OPO-Ol" GGCACGTAAG 
OPO-02 ACGTAGCGTC 
OPO-03 CTGTTGCTAC 
OPO-(M AAGTCCGCTC 
OPO-05 CCCAGTCACT 
OPO-06 CCACGGGAAC 
OPO-07 CAGCACTGAC 
OPO-08 CCTCCAGTGT 
OPO-09 TCCCACGCAA 
OPO-10 TCAGAGCGCC 
OPO-11 GACAGGAGGT 
OPO-12 CAGTGCTGTG 
OPO-13 GTCAGAGTCC 
OPO-14 AGCATGGCTC 
OPO-15 TGGCGTCCTT 
Trom White et al. (32). 
''From Tom Gordon, University of California at Davis. 
Trom Harrington and Wingfield (17a). 
"•Random primers from Operon Technologies, Inc., Alameda, California. 
Table 2. Continued 
Primer Name Primer Sequence (5'-3') 
OPO-16 TCGGCGGTTC 
OPO-17 GGCTTATGCC 
OPO-18 CTCGCTATCC 
OPO-19 GGTGCACGTT 
OPO-20 ACACACGCTG 
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reaction, the buffer supplied with the enzyme, 3 mM MgClz, 2mM dNTPs, 
and 0.5 uM of each primer. The amplified DNA was not purified before 
restriction enzyme digestion. 
DNA digestion by restriction enzymes. Thirteen restriction enzymes 
were tested for polymorphisms among 10 strains of F. moniliforme, 10 
strains of F. proliferatum, 3 strains of F. graminearum and 3 strains of F. 
subglutinans. The enzymes utilized were Alul, Mspl, Msel, Cfol, HindR, 
Ndel, and BssHQ. (Strategene, La Jolla, California), and Rsal, Pstl, EcoRl, 
HaelH, Hindni and Thai (Gibco BRL, Life Science Technologies, 
Gaithersburg, Maryland). Four enzymes gave polymorphisms: Alul, Mspl, 
Cfol, and Msel. These were used at 2 units per reaction for further smdy. 
They were added to the PGR reaction mix 
(12.5 ]LiI) after amplification, and the digestion was allowed to proceed for 
20 h at 37°C. Digestions with Thai were performed at 65°C for 20 h. 
Electrophoresis. The digested products of the amplified DNA were 
analyzed on a 2% agarose gels in a TAB (50X stock solution, 1 liter: 242 g 
tris base, 57.1 ml glacial acetic acid and 37.2 g Na2 EDTA.HjO (2mM), pH 
8.5) buffer system and detected by staining with ethidium bromide. The 
amplification and restriction products were visualized usmg ultraviolet light. 
Data were analyzed using the Gel Reader program and standard markers. 
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RAPD. Strains were grown in V-8 liquid medium for 2 days. 
Mycelium was harvested by filtration and ground with liquid nitrogen. 
DNA was extracted by the protocol of Lee and Taylor (32). Random DNA 
fragments were amplified from 2ng DNA and single primers (Table 2). 
The thermal cycler was programmed for initial denaturation of 9^°C for 55 
sec and 45 cycles of 35 sec at 94°C (denamration), 1 min at 36°C 
(annealing) and 2 min at 72°C (extension) with a final extension of 8 min at 
ITC. Reactions were performed in a volume of 25 ul containing 5 units 
Taq polymerase, the buffer supplied with the enzyme, 3 mM MgClj, 2mM 
dNTPs, 0.01% gelatin, and 0.5 uM primer. Data was analyzed using the 
Gel Reader program and standard markers. 
RESULTS 
Seed quality tests 
Seed health test. Surface disinfestation of seeds with NaOCl 
apparently eradicated most seed-borne propagules of Fusarium moniliforme 
and F. proliferatum because a lower percentage of the fungus was recovered 
after the NaOCl rinse compared with a high percentage recovered by 
washing the seed with tap water only (Table 3). Levels of infection ranged 
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Table 3. Recovery of Fusarium species from com seed lots after 
rinsing in water or NaClO 
Seed lot no. Species 
Fusarium spp. (%) 
No NaClO With NaClO 
13 F. moniliforme 100» 12 
8 F. prolifertum 96 42 
15 no Fusarium 0 0 
^Means, average of 50 seeds. 
between 0 to 100% obtained from the average of 4 replicates (Table 4). 
The fungus was found externally and within the embryo. The results 
obtained for warm germination, cold test, conductivity test and emergence 
(average of 4 replicates) are summarized on Table 5. For seed lots with 
low F. moniliforme infection levels (2 to 4%) minor differences occurred 
between germination values across germination tests (Table 5), but all 
values were greater than 90%. At high infection levels (66 to 100%), 
however, greater differences were detected between germination tests. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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Recovery of Fusarium moniliforme and F. proliferatum 
from com seeds 
% Infection 
Origin F. moniliforme F. proliferatum 
Iowa 8 0 
Iowa 4 0 
Iowa 8 0 
California 5 0 
Iowa 0 100 
Iowa 2 0 
Mexico 6 0 
Iowa 0 96 
Iowa 5 0 
Iowa 5 0 
Iowa 0 0 
Iowa 0 0 
Iowa 100 0 
Illinois 0 94 
Illinois 0 0 
Iowa 46 0 
Mexico 40 0 
Colombia 66 0 
Colombia 10 0 
Guatemala 48 0 
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Table 5. Vigor of seed lots infected with different levels of Fusarium 
moniliforme and F. proliferatum 
Laboratory test 
Seed lot 
% Warm 
germination % Cold test 
Conductivity 
test (/xamps) 
Emergence in 
greenhouse % 
1 99 86 78 94 
2 98 93 58 96 
3 98 88 74 92 
4 97 90 59 92 
S'' 87 80 80 88 
6 97 93 58 94 
7 94 91 57 92 
8=* 99 90 53 95 
9 99 93 51 98 
10 91 91 56 95 
11 100 95 64 97 
12 95 90 66 91 
13 73 63 97 65 
14a 95 92 54 93 
15 96 94 55 96 
16 91 80 75 84 
17 89 84 77 85 
18 87 80 70 83 
19 90 83 75 85 
20 88 85 77 85 
"Seed lots infested with F. proliferatum. 
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Strong negative correlations were seen between seed infection 
with Fusarium moniliforme and emergence in the cold and greenhouse tests 
(Table 6). The pathogenicity of the Fusarium strains isolated from the 
respective seed lots was also strongly correlated with seed lot vigor (Table 
6, Figures 2 and 3). 
Colony morphology. Fusarium strains with white, pinkish, 
flat-powdery colonies and also those with white-purplish cottony colony 
types (26) produced microconidia in chains characteristic of F. moniliforme 
and F. proliferatum (25). It was not easy to differentiate between long 
and short chains. Isolates of F. graminearum produced tan, yellowish 
colonies with profuse aerial mycelium. There was also a characteristic 
red color under the surface of the media. These strains did not produce 
microconidia (Table 7). In contrast, isolates of F. subglutinans produced 
yellowish, flat colonies, and their microconidia were not in chains. Great 
variability in pigmentation was observed among strains, making grouping 
on colony morphology alone difficult (Figure 4). 
Growth. Strains of F. proliferatum grew slowly (mean 
colony diameter 5 cm), producing white cottony and floccose colonies. 
Fast growth was observed in F. moniliforme strains, which produced pink 
and purple colonies of 7 cm diameter. Fast growth was also observed in F. 
Table 6. Correlation coefficients of seed lot vigor indixes, percent infection, and pathogenicity of fungal 
strains 
Correlation coefficients" 
Cold Greenhouse Standard Pathogenicity 
Laboratory test test Emergence Conductivity Germination 
% Infection -0.8704" -0.7932 0.7485 -0.8471 0.7587 
0.0001= 0.0001 0.0001 0.0001 0.0001 
Cold test 0.9627 -0.8959 0.9135 -0.8771 
0.0001 0.0001 0.0001 0.0001 
Greenhouse -0.8374 0.9343 -0.8149 
emergence 0.0001 0.0001 0.0004 
Conductivity -0.7193 0.7969 
0.0011 0.0006 
Standard 0.7644 
Germination 0.0001 
"Values obtained from 16 seed lots infected with F. monilifonne. 
''Correlation coefficient, r. 
'Level of significance. 
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Vigor (Cold Test %) 
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Figure 2. Correlation between vigor of the seed lot (cold test) and 
pathogenicity of isolated Fusarium strains 
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Figure 3. Correlation between vigor of the seed lot (emergence) and 
pathogenicity of isolated Fusarium strains 
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Table 7. Extent of linear growth and colony morphology of 
Fusarium strains after 10 days on PDA medium 
Extent of 
linear 
Morphology 
Species 
Strain 
No. 
growth 
(cm)* Microconidia Phialides" 
Colony 
type" 
F.moniliforme 1 6.0 chains m wyr 
2 6.0 chains m wor 
3 6.0 chains m pf/cc 
4 6.0 chains m pa/cc 
5 6.0 chains m p/c 
6 6.0 chains m or 
7 6.3 chains m or 
8 6.0 chains m pr 
9 6.6 chains m or 
10 6.5 chains m or 
11 6.3 chains m 0 
12 5.5 chains m gabl/c 
13 6.4 chains m wp 
14 6.0 chains m wp/r 
'Growth on PDA medium after 10 days. 
"ta — monophialides; m,p = monophialides and polyphialides. 
'wyr = white yellow radial; wor = white orange radial; p/r = purple radial; or = orange 
radial; o = orange; of = orange/flat; pf/cc = purple flat concentric; pa/cc = purple aerial 
concentric; p/c = purple cottony; gabl/c = gray aerial bluish concentric; wp/o = white 
purplish orange; wp/r = white purplish radial; white purplish; wa/c = white aerial 
concentric; wa/pc = white aerial purplish concentric; w/p = white purplish; pka/pcc = 
pink aerial purplish below concentric; wf = white flat; ya/rdr = yellow aerial radial red 
below; ya/rdc = yellow aerial radial red low; of/b = orange flat below. 
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Table 7. Continued 
Extent of Morphology 
linear 
Strain No. growth 
(cm)* Microconidia Phialide" 
Colony 
type" 
15 5.7 chains m wp/r 
16 5.7 chains m wp/r 
17 7.0 chains m w/p 
18 6.7 chains m wa/c 
19 7.0 chains m wa/c 
20 7.2 chains m wa/pc 
21 7.0 chains m w/p 
22 7.2 chains m pka/pcc 
23 7.0 chains m gbla/cc 
24 6.2 chains m w/p 
25 6.7 chains m w/p 
26 6.0 chains m of 
27 6.2 chains m of 
28 6.8 chains m wf 
29 6.7 chains m wf 
30 6.7 chains m pfcc 
31 6.4 chains m wa/cfpcc 
32 6.0 chains m wa/c 
33 6.2 chains m wa/c 
34 6.6 chains m wa/cf 
35 6.6 chains m wf 
36 7.2 chains m wf 
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Table 7. Continued 
Species 
Strain 
No. 
Extent of 
linear 
growth 
(cm)' 
Morphology 
Microconidia Phialide*" 
Colony 
type'= 
37 7.3 chains m of 
38 6.8 chains m of 
39 6.7 chains m of 
40 7.0 chains m of 
41 6.2 chains m wp 
42 7.2 chains m wp 
43 6.1 chains m wcr 
44 7.5 chains m wc 
45 6.5 chains m wf 
46 6.6 chains m of 
47 6.6 chains m w/cr 
48 6.5 chains m of 
49 6.2 chains m w/p 
50 5.6 chains m w/cr 
51 5.8 chains m of 
52 5.1 chains m wr 
53 6.0 chains m wr 
54 6.0 chains m wr 
55 6.0 chains m p/o 
56 6.4 chains m p/o 
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Table 7. Continued 
Strain 
No. 
Extent of 
linear Morphology 
Species 
growth 
(cm)* 
Microconidia Phialide'' 
Colony 
type" 
57 6.2 chains tn p/r 
58 6.3 chains m wpk/o 
59 6.6 chains m w/pc 
60 6.3 chains m pc 
61 6.3 chains m pc 
62 7.1 chains m w/pc 
63 6.0 chains m wp/o 
64 6.6 chains m oc 
65 6.9 chains m oc 
66 6.2 chains m oc 
67 5.0 chains m w/o 
68 6.0 chains m w 
69 5.4 chains m wpkf 
70 5.0 chains m wpkf 
71 5.3 chains m wpk 
72 5.3 chains m wpk 
73 5.4 chains m wpk 
74 5.0 chains m wpk 
75 5.0 chains m wpk 
76 5.0 chains m wf 
77 5.5 chains m wf 
78 6.2 chains m wf 
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Table 7. Continued 
Strain 
No. 
Extent of 
linear Morphology 
Species 
growth 
(cm)' 
Microconidia Phialide'' 
Colony 
typec'' 
79 6.0 chains m wf 
80 5.5 chains m wppc 
F. proliferatum 81 5.6 chains m,p wppc 
82 5.4 chains m,p wppc 
83 5.4 chains m,p wpc 
84 5.4 chains m,p wpc 
85 5.7 chains ni,p wpc 
86 5.2 chains m,p wpc 
87 5.7 chains m,p wpc/r 
88 6.2 chains m,p wc 
89 6.4 chains m,p wpc 
90 6.0 chains m,p wpc 
91 5.9 chains m,p wpc 
92 5.6 chains m,p wc 
93 5.8 chains m,p wc/r 
94 6.0 chains m,p wc/cc 
F.graminearum 95 7.6 absent m ya/rdr 
96 7.0 absent m ya/rdc 
97 8.0 absent m ya/rdc 
F.subglutinans 98 5.6 not chains m,p of 
99 5.8 not chains m,p of 
100 6.0 not chains m,p of/b 
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Figure 4. (I) Top and (II) bottom views of colony morphology of F. 
moniliforme (A), F. proliferatum (B), F. graminearum (C) and 
F. subglutinans (D) on PDA medium. 
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graminearum and F. subglutinans, which produced red and yellowish colonies, 
respectively. 
The distinguishing characteristic for F. moniliforme was die presence of 
monophialides, while F. proliferatum was distinguished by the presence of 
monophialides and polyphialides. However, in some strains, detection of 
poliphyalides was difficult and time-consuming. F. subglutinans was 
characterized by the presence of monophialides and polyphialides. 
Chlamidospores were present only in F. graminearum strains. 
Pathogenicitv tests. Of the 87 strains of F. moniliforme and F. 
proliferatum that were obtained from com seeds, 20 induced seedling blight 
symptoms as indicated by lesions longer than 1.6 cm after injection of spore 
suspension into stems of com seedlings (Table 8). F. moniliforme strains 28, 41, 
50, 65, 70, and 76 were weaker pathogens than the other strains. These strains 
had a lower disease severity on the com seedlings, than the other F. moniliforme 
strains causing smaller lesions and fewer com plants developed disease symptoms 
(Table 8). Thirteen of the 87 strains initially isolated from infected com seed 
were not pathogenic on com seedlings (lesions less than 0.25 cm long). 
Results of the two experiments measuring aggressiveness were very 
similar but not identical. Those isolates considered to be most aggressive in the 
first experiments remained so in the second experiment, and the same was tme 
for those strains that were the least aggressive. The greatest variability occurred 
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Table 8. Difference in the ability of strains of F. moniliforme and F. 
proliferatum to cause stem rot in the com hybrid T-500 
Strain Linear extent of Homologous 
Species number discoloration (cm)" groups'* 
F.moniliforme 1 0.6 2 
2 1.8 5 
3 0.6 2 
4 1.0 3 
5 0.8 3 
6 2.0 5 
7 2.2 6 
8 1.3 4 
9 0.5 2 
10 2.2 6 
11 1.5 4 
12 2.0 5 
13 4.0 6 
14 0.4 1 
15 1.3 4 
16 0.6 2 
17 0.4 1 
18 1.0 3 
"Mean lesion extent obtained from 5 plants, one week after inoculation. 
•"Groups with same level of infection. 
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Table 8. Continued 
Strain Linear extent of Homologous 
Species number discoloration (cm)" groups'" 
19 1.5 4 
20 0.7 2 
21 0.6 2 
22 0.4 1 
23 1.5 4 
24 2.0 5 
25 0.3 1 
26 0.9 3 
27 1.0 3 
28 0.2 1 
29 2.3 6 
30 2.2 6 
31 1.8 5 
32 2.5 6 
33 0.4 1 
34 1.8 5 
35 1.4 4 
36 2.1 6 
37 0.5 2 
38 0.7 2 
39 0.4 1 
40 0.8 2 
41 0.2 1 
42 0.5 2 
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Table 8. Continued 
Strain Linear extent of Homologous 
Species number discoloration (cm)' groups'" 
43 0.4 I 
44 1.3 4 
45 0.6 2 
46 0.3 1 
47 2.5 6 
48 2.3 6 
49 0.4 1 
50 0.2 1 
51 1.8 5 
52 1.0 3 
53 1.8 5 
54 1.5 4 
55 0.5 2 
56 1.3 4 
57 0.4 1 
58 0.3 1 
59 1.6 5 
60 0.6 2 
61 0.5 2 
62 1.5 4 
63 0.6 2 
64 1.5 4 
65 0.2 1 
66 3.5 6 
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Table 8. Continued 
Strain 
Species number 
Linear extent of 
discoloration (cm)" 
Homologous 
groups'" 
61 1.7 5 
68 2.6 6 
69 1.3 4 
70 0.2 1 
71 1.0 2 
72 0.5 2 
73 1.5 5 
74 1.0 2 
75 1.2 2 
76 0.2 1 
77 0.4 1 
78 0.3 1 
79 0.3 1 
80 0.2 1 
F.proliferatum 81 0.1 1 
82 0.2 1 
83 0.3 1 
84 0.4 1 
85 0.1 I 
86 0.2 1 
87 0.1 1 
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with isolates of intermediate infection level. The non-pathogenic isolates, 
including 10 F. moniliforme and 13 F. proliferatum strains, manifested the same 
negative response in the two experiments (data not shown). 
Mating tests. Thirty-three of the 94 strains (included reference strains) 
produced perithecia when crossed with one or more of the tester isolates provided 
by Dr. John Leslie. They segregated into two mating populations, designated A 
and D (Table 9). In all positive pairings, mature perithecia and asci with eight 
ascospores were observed. None of the strains used in this study produced 
perithecia unless paired with one of the reference strains. 
ITS. Amplification of the ITS region was obtained with all strains using 
both extracted DNA or direct mycelium scrapes for amplification (Figure 5). No 
difference was found between the DNA firagments amplified from purified DNA 
and DNA fragments amplified directly from mycelium. The amplified product 
from each strain of Fusarium was approximately 585 bp. 
The PGR products generated with the primer pair ITS-4 and ITS-5 were 
digested with each of 11 restriction enzymes. Restriction of the rDNA yielded 3 
or 4 bands depending on the enzyme and the strain (Figures 6 and 7). Four 
different restriction pattern types were recorded using the restriction enzymes 
Cfol, Alul, Mspl, (Figures 6 and 7) and the patterns corresponded to F. 
moniliforme, F. proliferatum, F. subglutinans and F. graminearum (Table 10). 
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Table 9. Sexual compatibility of 29 strains of Fusarium moniliforme and 
F. proliferatum from Iowa with tester strains of the A and D 
mating populations 
F. moniliforme (A) F. proliferatum (D) 
Strain 
No. Origin 
Male. 
Female or 
Hermaphrodite 
78 (+)' 79 (-)" 92 (+)' 93 (-)" 
2 Iowa Male + 
- -
4 Iowa Male + 
- -
8 Iowa Hermaphrodite + - -
78 Kansas Female^ - - -
10 Iowa Male + 
- -
79 Kansas Male" + 
- -
51 Iowa Hermaphrodite + - -
47 Iowa Hermaphrodite + 
- -
67 Iowa Hermaphrodite + - -
68 Iowa Male + - -
55 Iowa Male + - -
80 Kansas Male" + - -
29 Iowa Male + - -
75 Iowa Male + 
- -
50 Iowa Male + - -
37 Iowa Male + - -
74 Iowa Male + - -
18 Iowa Male + - -
19 Iowa Male + - -
69 Iowa Male + 
- -
53 Iowa Male + - -
51 Iowa Male + -
'Acted as a male or female, or both, in matings with tester strains. 
= perithecia and ascospores produced. = no ascospores. 
49 
Table 9. Continued 
F. moniliforme (A) F. proliferatum (D) 
Strain 
No. Origin 
Male, 
Female or 
Hermaphrodite 
78 (+) 79(-) 92 (+) 93(-) 
39 Iowa Female - + - -
40 Iowa Male + - - -
3 Iowa Hermaphrodite + + - -
38 Iowa Male + - - -
29 Iowa Male + - - -
62 Iowa Male + - - -
22 Iowa Male + - - -
30 Iowa Male + - - -
92 Kansas Female"*" - - - + 
93 Kansas Male" - - + -
82 Iowa Male - - + -
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Extracted DNA Mycelial scrapes 
m H 
H 
M 1 2 3 4 5 6 7  8 9  1 0  1 1 1 2  
Figure 5. Amplification of the ITS region using both extracted DNA or 
mycelial scrapes. Lane M = 100 bp marker; lanes 1-2 = F. 
moniliforme; lanes 3-4 = F. proliferatum; lane 5 = F. 
graminearum\ lane 6 = F. subglutinans; lane 7 = HjO control; 
lane 8-9 = F. moniliforme-, lane 10 = F. proliferatum-, lane 11 
= F. graminearum; lane 12 = F. subglutinans. 
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Alul Cfol 
M 1 2 3 4 5 6 7 8 9 1011 1213 141516 1718 19 
Figure 6. Restriction of the ITS amplified fragment in Fusarium species 
with Alul or Cfol enzymes. Lane M = 100 bp marker; lanes 1-
4, 8-10 = F. monilifome; lanes 5-7 = F. proliferatum; lanes 
11-13 and 15-16 = F. moniliforme; lanes 14, 18 = F. 
proliferatum; lane 19 = F. graminearum 
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Mspl Alul 
M l  2 3 4 5 6 7 8 9  1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8  
Figure 7. Restriction of the ITS amplified fragment in Fusarium species 
with Mspl or Alul enzymes. Lane M = 100 bp marker; lanes 
1-3 = F. moniliforme; lanes 4-6 = F. proliferatum; lanes 7-8 = 
F. graminearum; lane 9 = F. subglutinans\ lane 10-12 = F. 
moniliforme; lane 13-15 = F. proliferatum; lanes 16 and 18 = 
F. graminearum; lane 17 = F. subglutinans. 
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Table 10. Sizes of Cfol, Alul, and Mspl restriction fragments of the 
amplified ITS region and origin of the strains 
Species 
Fragment sizes (bp) 
Strain 
No. 
Ongm 
Cfol Alul Mspl 
I Iowa 329, 261 391, 153 489, 149 
2 Iowa 327, 260 406, 160 490, 150 
18 Alabama 334, 262 418, 166 474, 140 
19 Alabama 327, 256 397. 136 469, 134 
20 Colombia 326, 256 384, 126 464, 130 
21 Colombia 326, 246 378, 145 473, 147 
22 Mexico 326, 263 383, 144 469, 141 
23 Mexico 327, 269 383, 140 469, 150 
24 Illinois 330, 262 382, 132 500, 149 
25 Iowa 323, 266 386, 135 470, 145 
26 Kansas 326, 260 383, 136 462, 145 
27 Kansas 327, 256 393, 138 463, 145 
28 Kansas 326, 260 397. 129 458, 145 
29 Kansas 326, 260 390, 150 463, 145 
30 Guatemala 326, 260 399. 147 475, 145 
31 Guatemala 326, 260 406. 150 481, 145 
65 California 326, 260 400, 144 464, 145 
68 Iowa 326, 263 390, 150 489, 147 
69 Iowa 326, 260 406, 150 489, 147 
70 Iowa 326, 256 390, 150 489, 147 
71 Iowa 326, 246 390, 150 489, 147 
72 Iowa 326, 260 390. 150 489, 147 
73 Iowa 335, 265 390, 150 489. 147 
74 Iowa 326, 260 390, 150 489, 147 
75 Iowa 331, 259 390, 150 489, 147 
76 Iowa 328, 259 390, 150 489, 147 
F. moniUforme (A) 
54 
Table 10. Continued 
Species Strain 
No. 
Origin 
Fragment sizes (bp) 
Cfol Alul Mspl 
77 Iowa 329. 260 391, 154 489, 147 
78 Iowa 329, 264 376, 147 489, 147 
79 Iowa 330, 261 384, 145 489, 147 
80 Iowa 318,250 390, 153 489, 147 
F. proliferatum (B) 81 Iowa 327, 180 491, 168 272,183,140 
82 Iowa 331. 179 492, 165 270,170,131 
83 Iowa 327, 183 492, 169 256,163,121 
84 Iowa 324, 180 491. 167 256,163,110 
85 Iowa 327, 178 492. 160 256,163,110 
86 Iowa 331, 180 492, 160 272,184,110 
87 Iowa 334, 262 492, 160 274,186,110 
88 Iowa 331, 180 492, 160 267,177.110 
89 Iowa 338, 184 492, 160 275.184.110 
90 Iowa 324, 176 492, 160 260.160.110 
91 Iowa 338. 184 492, 160 260.160,110 
92 Kansas 327. 178 492, 160 260,160,110 
93 Kansas 327, 178 492, 160 260.160.110 
94 Kansas 327. 178 492, 160 260.160.110 
F. graminearum (C) 95 Minnesota 248. 195 400. 120 585 
96 Iowa 253. 201 400. 120 578 
97 Iowa 253. 201 400. 120 578 
F. subglutinans (D) 98 Iowa 339. 262 585 442.140 
99 Iowa 335. 265 581 443.140 
100 Iowa 339. 265 585 449.140 
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IGS. Amplification of the IGS region was obtained with 20 strains using 
extracted DNA or direct mycelium scrapes for amplification (Figure 8). The 
amplified product firom strains of F. moniliforme and F. proliferatum was 2330 
bp. The amplified product from strains of F. graminearum and F. subglutinans 
was 2176 and 2500 bp, respectively. The Qbl and the Afspl digestion patterns of 
the IGS region also separated the four species, although only a limited number of 
isolates were tested (Table 11, Figures 9 and 10). 
RAPDs. We screened 20 random, 10-mer primers and found four that 
generated polymorphism and consistently produced the same bands in replicate 
trails (Figures 11 and 12). RAPD primer 04 detected genetic variation among F. 
moniliforme strains (Figure 13). The four primers used resolved DNA fragments 
with sizes ranging from 0.3 to 2 kb. The data was analyzed by UPGMA 
program and Nei's Genetic distance. A binary data matrix was prepared in which 
1 = band present, 0 = band absent (Appendix I, H, and HI). Fifty-five strains 
and a total of 42 polymorphic bands were included in the analysis. The NTSYS 
2a 
package was used with a similarity coefficient: DICE = NEI = a+b+c where 
a: number of bands present in the 2 composed strains; b: number of bands 
present only in the strain /; c: niunber of bands present only in the strain j. The 
55 strains were clustered into eleven arbitrarily selected groups (Figure 14). Of 
the 55 strains in RAPD groups 1 to 11: 7 (13%) were in RAPDl, 8 (15%) in 
RAPD2, 3 (5%) in RAPD3, 8 (15%) in RAPD4, 1 (2%) in RAPD5, 2 (4%) in 
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8 
M 1 2  3 4 5 6 7 8 9  1 0 1 1 1 2  M  
Figure 8. Amplification of the IGS region using extracted DNA. Lane M 
= 1 kb ladder (Gibco BRL) marker; lanes 1-2; F. moniliforme 
(2330 bp); lanes 3-6 = F. proliferatum (2330 bp); lanes 7-9 = 
F. graminearum (2176 bp); lanes 10-12 = F. subglutinans 
(2500 bp). 
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Table 11. Sizes of Cfol and Mspl restriction fragments of the ampli^ed IGS 
region and origin of the strains 
Strain Fragment sizes (bp) 
Species No. Origin 
Cfol AfjpP 
F. moniliforme (A) 1 Iowa 929, 878 500, 450, 290 
2 Iowa 924 500, 450, 290 
18 Alabama 926 500, 450, 290 
19 Alabama 929 500, 450, 290 
20 Colombia 926 500, 450, 290 
21 Colombia 927 500, 450, 290 
22 Mexico 928 500, 450, 290 
23 Mexico 929 500, 450, 290 
F. proliferatum (B) 81 Iowa 911, 637 350, 290 
82 Iowa 909, 641 350, 290 
83 Iowa 913, 639 350, 290 
F. graminearum (C) 95 Minnesota 654, 369 720 
96 Iowa 657, 388 720 
97 Iowa 654, 369 720 
F. subglutinans (D) 98 Iowa 934, 552 550, 450 
100 Iowa 945, 559 550, 450 
"Sizes estimated by visual assessment. 
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I g •*« 
M 1 23 4 5 67 8M 
Figure 9. Restriction of the IGS amplified fragment in Fusarium species 
with Cfol enzyme. Lane M = 1 kb ladder (Gibco BRL) 
marker; lane 1-2 = F. moniliforme; lane 3-4 = F. proliferatum; 
lane 5-6 = F. graminearum; lane 7-8 = F. subglutinans. 
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I 
CzJi 
M l  2 3  4 5 6 7 8 9  
Figure 10. Restriction of the IGS amplified fragment in Fusarium species 
with Mspl enzyme. Lane M = 1 kb ladder (Gibco BRL) 
marker; lanes 1-2 = F. moniliforme-, lanes 3-5 = F. 
proliferatum; lanes 6-7 = F. graminearum; lane 8-9 = F. 
subglutinans. 
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OPO-10 LR12R 
M 1 2 3 45 6 7 8 9101112131415 
Figure 11. RAPD patterns obtained when using the primers OPO-10 and 
LR12R with DNA from 7 Fusarium strains. Lane M = 100 bp 
marker (the 600 bp band is brighter than the others); lanes 1, 3 
= F. moniliforme; lanes 2, 4, 5 = F. proliferatum; lane 6 = F. 
graminearum; lane 7 = F. subglutinans; lane 8 = HjO control; 
lanes 9, 11 = F. moniliforme-, lanes 10, 12, and 13 = F. 
proliferatum-, lane 14 = F. graminearum; lane 15 = F. 
subglutinans. 
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CNSF 01 
M 1 2 3 4 5 6 7 8 9 10 11 12 13 U 
Figure 12. RAPD patterns obtained when using the primers CNSF and 01 
with DNA from 7 Fusarium strains. Lane M = 100 bp marker; 
lanes 1-2 = F. moniliforme; lanes 3-4 = F. proliferatum; lane 5 
= F. graminearum; lanes 6-7 = F. subglutinans; lanes 8-9 = 
F. moniliforme; lanes 10-11 = F. proliferatum; lane 12 = F. 
graminearum; lanes 13-14 = F. subglutinans. 
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Figure 13. Variation among strains of F. moniliforme detected with primer 
OPO-04. Lane M = 100 bp marker; lanes 1-15 = F. 
moniliforme strains; lane 16 = HjO control. 
Figure 14. Phenogram from hierarchial cluster analysis of data. Clusters were 
fused using the Unpaired group mean average (UPGMA). The 
similarity scale shown corresponds to the average similarity at which 
clusters fuse. 
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RAPD6, 7 (13%) in RAPD7, 9 (16%) in RAPD8, 1 (2%) in RAPD9, 4 (7%) in 
RAPDIO, 5 (9%) in RAPDll. RAPD groups 1, 2, 3, 4, 6, 8, 10, 11 were 
recovered from Iowa. RAPD groups 3 and 9 were recovered from Kansas. 
Strains in RAPD groups 4 and 5 were recovered from Mexico and California, 
respectively. A RAPD8 strain was recovered from Illinois. 
In the greenhouse pathogenicity tests, 21 of 55 strains were pathogenic on 
com seedlings (Table 8). All strains in RAPD 1, 2, 3, 4, and 5 were F. 
moniliforme and pathogenic on com seedlings (Table 12). Seventeen strains from 
RAPD 6, 7, and 8 were not pathogenic. RAPD 6 was F. moniliforme and RAPD 
7 and 8 were F. proliferatum. 
Groups 1, 2, and 3 were relatively closely related based on RAPDs, and 
the strains in these RAPD groups were more pathogenic in seedling inoculation 
tests than the strains in groups 4, 5, and 6 (Table 12). Furthermore, the 
germination cold test showed that seedlots infested with groups 1, 2, or 3 were of 
lower vigor (<90% germination in the cold test) than the seedlots infested with 
groups 4-6 (>90% germination) (Table 12). Seed lot number 13 was heavily 
infested by the most pathogenic F. moniliforme isolates, and this seed lot showed 
the poorest vigor (Table 12). 
Groups 7 and 8 are characteristic of F. proliferatum and contain 11 of 55 
strains tested and seed lots infested by these strains showed good vigor (Table 
12). These groups were related based on RAPDs, and the strains were not 
Table 12. Seed lot infection, vigor and pathogenicity of isolated Fusarium strains 
% 
Infection 
Pathogenicity 
of Strains 
RAPD Isolates 
Identified 
Seed 
Lot 
No. Origin 
Cold 
Test Emergence 
Fm Fp Strains 
Tested* 
Average 
Lesion 
Length 
Strains 
Tested 
Lesion 
Length 
RAPD 
Group*" 
13 Iowa 63 65 100 0 13, 29, 30, 32, 
47, 48, 66, 68 
2.7 29, 30 2,3, 2,2 1 
16 Iowa 80 84 46 0 2, 6, 7, 51, 53, 
59 
1.8 51, 53, 59 1.8, 1.8, 
1.6 
I 
18 Colombia 80 83 66 0 10, 12, 24, 36, 67 2.0 24 2 1 
20 Guatemala 81 85 48 0 59, 62, 64, 54, 
31, 34, 11 
1.6 31, 34 1.8, 1.8 2 
19 Colombia 83 85 10 0 19, 23, 35, 69. 
73, 8, 15 
1.4 35 1.4 2 
17 Mexico 84 85 40 0 26, 27, 71, 44 1.0 26, 27 0.9, 1.0 2 
1 Iowa 86 94 8 0 52, 18. 75, 56 1.1 52 1.0 2 
3 Iowa 88 92 8 0 4, 5. 40, 74 1.1 4, 5 1.0, 0.8 3 
7 Mexico 91 92 6 0 20, 38, 45 0.6 20 0.7 4 
10 Iowa 91 95 5 0 21, 1, 16, 60, 55, 0.3 21 0.6 4 
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'Average lesion length caused by strains for each seed lot. 
••RAPD groups; I = F. moniUfome highly pathogenic strains; 1 = F. moniliforme pathogenic strains; 3= F. moniliforme moderately 
pathogenic strains; 4 = F. moniliforme weakly pathogenic strains; 5= F. moniliforme weakly pathogenic strains; 6 = F. moniliforme non 
pathogenic strains from Iowa; 1 = F. proliferatum non pathogenic strains from Iowa; 8 = F, proliferatum strains from Illinois. 
Table 12. Continued 
% Pathogenicity RAPD Isolates 
Infection of Strains Identified 
Seed 
Lot 
No. Origin 
Cold 
Test Emergence 
Fm Fp Strains 
Tested 
Average 
Lesion 
Length 
Strains 
Tested 
Lesion 
Length 
RAPD 
Group 
9 Iowa 93 98 5 0 58, 22, 25, 17, 
14, 33, 39, 57 
0.5 22. 25 0.4. 0.3 4 
4 California 90 92 5 0 49, 63. 3, 9. 37, 
42. 43 
0.5 63 0.6 5 
2 Iowa 93 96 4 0 81. 82. 28, 41, 
65, 50 
0.2 81. 82 0.1. 0.2 6 
8 Iowa 90 95 0 96 83, 84. 85. 86. 87 0.2 83. 84. 
85. 86. 87 
0.3. 0.4. 
0.1.0.2, 
0.1 
7 
14 Illinois 92 93 0 94 91, 92 0,2 91 0.2 8 
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pathogenic in com seedling inoculation tests and seed lots infested by these 
strains showed good vigor (Table 12). These results were consistent with results 
obtained with the reference strains of F. moniliforme and F. proliferatum obtained 
from Dr. John Leslie (data not shown). 
DISCUSSION 
Morphology, pathogenicity tests and PCR-RAPD analysis were used to 
characterize Fusarium strains isolated from com seed. The results demonstrated 
that two Fusarium species were associated with com kernel rot. Like Oaka and 
Kommendahl (1977), we found that F. moniliforme was the predominant species 
of Fusarium from com seed. Surface disinfestation with NaClO reduced the 
recovery of Fusarium moniliforme and F. proliferatum isolated from kemels, 
presumably by eliminating surface-bome conidia. This effect was also detected 
by Gilbertson (15). Apparently, mycelium was present in the endosperm and 
embryo. External and internal seed infection with F. moniliforme, but not with 
F. proliferatum, appeared to have an effect on germination, vigor and greenhouse 
emergence. Styer (1983) had similar results with F. moniliforme, but Vallau (30) 
found that external infection had no apparent effect on germination, vigor or 
greenhouse emergence. Vallau's data are more consistent with our results with 
seed lots infected with F.proliferatum, which proved to be non-pathogenic on 
com seedlings in our inoculations. 
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The majority of isolates were not clearly differentiated on PDA by colony 
morphology. Pigment production by colonies on PDA was inconsistent and 
isolates could not be adequately identified using this system. Cultures of F. 
moniliforme, F. proliferatum, F. graminearum and F. subglutinans grown on 
PDA medium differed greatly in growth at 27°C. All strains of F. moniliforme 
produced microconidia in chains. However, some strains also formed 
microconidia in false heads. Sometimes, chains were produced only during the 
first days after isolation, as was also observed by Hsieh et al. (1977). Thus, 
some strains of F. moniliforme could be mis-identified as F. subglutinans based 
solely on the presence of microconidia in chains. 
Results obtained from the seedling inoculation test measured the potential 
of F. moniliforme and F. proliferatum isolates to cause seedling disease. 
Symptoms on com seedlings were identical to those reported by Leonian and 
Voorhees (24, 31). The differential aggressiveness of F. moniliforme strains 
demonstrated variability in the pathogenicity of the fungus to com seedlings. 
Pathogenicity tests, although time consuming and easily influenced by 
changes in temperature and relative humidity, have been useful for the 
characterization of strains. Less time consuming and less variable parameters 
than pathogenicity tests would be useful in differentiating Fusarium strains, which 
apparently are a genetically diverse group. Problems with sexual infertility and 
the fact that the sexual stage can take weeks to complete in the laboratory have 
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made mating tests cumbersome in identification of Fusarium strains. We found 
two mating groups among 29 of 94 tested strains based on interfertility with the 
reference strains. These two mating populations (A and D) correspond with F. 
moniliforme and F. proliferatum. Most strains, however, did not cross. 
PGR amplifications followed by restriction digests provided another means 
for differentiation of strains. This technique has not been used previously for F. 
moniliforme, F. proliferatum and F. subglutinans identification. However, it has 
been used to differentiate F. graminearum strains. Patterns unique to each 
species were observed after restriction digestion of amplified rDNA fragments 
(ITS and IGS regions). When comparing the amplified products using DNA 
extraction or mycelial scrapes as template DNA, no difference was observed. 
Therefore, amplification of the DNA by mycelial scrapes greatly facilitates rapid 
and unambiguous identification of the strains. The Fusarium strains in this study, 
which represent four different species, could be distinguished by the digest 
patterns of both the ITS and IGS regions. No variation was found within species 
using ITS, and there was little variation with IGS products. 
RAPD analysis was also useful, and some variation within species was 
seen. The cluster analysis grouped F. moniliforme, F. proliferatum, F. 
graminearum, and F. subglutinans strains in II clusters, designated RAPD 
groups 1 to 11. Twenty-six of the 55 tested strains in RAPD groups 1 to 11 
were pathogenic on com seedlings. Of the 55 strains of Fusarium species 
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recovered, 9 (16%) belonged to a highly pathogenic RAPD group (RAPD 1). 
None of the strains from RAPD groups 6, 7, 8, and 9 were pathogenic on com 
seedlings. It is likely that the non pathogenic strains were growing on com seed 
as non-pathogenic endophytes. These 11 distinct RAPD groups have a world 
wide distribution, being recovered from throughout the United States (Iowa, 
Illinois, Kansas, California), Colombia, Guatemala, and Mexico. 
When a comparison is made of the results obtained with the RAPD assay 
and the PGR restriction assay, either method could be used to identify Fusarium 
strains. However, the PCR restriction assay is less sensitive to assay conditions 
and is more easily reproduced and interpreted than the RAPD assay. Our results 
demonstrated that PCR could be used to identify Fusarium strains to the species 
level and RAPD assay could be used to detect genetic variation within species. 
Our results provide information on the structure of the population of 
Fusarium species associated with com kernel rot. In this smdy we were able to 
look at morphological, pathogenicity and genetic variation in seed borne 
populations of Fusarium. This variation and incidence of Fusarium clearly 
explained variation in seed health and vigor of the seed lots. Further studies of 
pathogenicity within a larger sample of F. moniliforme are needed to determine if 
variation in pathogenicity are related to geographic origin. The present work has 
demonstrated that genotypic variation exists among the F. moniliforme strains that 
cause kemel rot, but detailed smdy is required to determine whether similar 
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levels of variability exist in other regions and over larger geographic ranges. In 
addition, the RAPD technique would make an excellent tool for monitoring the 
genetic diversity present in strain collections. Furthermore, using cluster analysis 
the existence of correlations between pathogenicity and genetic background can be 
identified. 
The Phenogram of 55 strains revealed differentiation based on the 
virulence and quality of the seed lot. Strains collected from Kansas, Illinois, and 
Guatemala, showed a higher degree of similarity than those from Iowa. The 
former strains were collected from few com genotypes. In contrast, the Iowa 
strains were collected from more com genotypes, explaining why a broad genetic 
diversity was observed in the pathogen population. 
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GENERAL SUMMARY 
Kernel rots incited by Fusarium spp., may limit com production not only 
because of the losses caused by stand reactions and poor kernel quality, as well as 
because of the potential risk to human and animal health. 
Twenty com seed lots were examined to determine the predominant fungi 
causing kemel rot. Kernel rot, measured as percent kernel infection with the 
selective agar mediimi technique, was caused primarily by F. moniliforme. 
Kemel infection by F. moniliforme was significantly correlated with germination, 
cold test, and conductivity test on 16 com seed lots. In greenhouse experiments, 
percentage infection recorded by Nash and Snyder medium (NSM) was also 
correlated with the emergence of seedlings for these 16 seed lots. Vimlence was 
determined by inoculating com seedlings by stem injection. The effectiveness of 
this procedure in distinguishing the severity of disease reactions produced by 
different strains was evaluated. Considerable variation in lesion size was 
observed among the 100 strains used to test vimlence. The symptoms caused by 
individual strains of F. moniliforme were very similar although sjonptom severity 
differed among strains. Measurement of the disease area was possible when the 
seedlings were inoculated by this method. Kemels from a seed lot with a high 
percentage of Fusarium proliferatum infested kemels showed no effect in 
laboratory and greenhouse experiments. The strains isolated from these seed lots 
were not pathogenic on com seedlings. When strains were characterized by 
78 
growth and colony morphology, definitive grouping was not possible. By mating 
type we were able to group only a small number of the strains tested. The 
RAPD-PCR analyses were more reliable compared with the other traditional 
methods for differentiation of strains. These molecular techniques offered a 
distinct advantage by requiring less time to distinguish among the species. The 
simplicity of the RAPD-PCR analyses presented in this study and the accuracy of 
their predictions make them acceptable for identification of Fusarium species on 
com seed. Furthermore, these assays are also less labor intensive than mating 
type smdies. 
APPENDIX I. Presence or absence of random amplified polimorphic DNA markers of F. monilifomie (1-
80), F. proliferatum (81-92), F. graminearum (95-97), and F. subglutinans (98-100) with 
the primers 01 and CNSF 
Random Primers 
Siraiii 
N(i. 01 CNSF 
I" 2 3 4 5 6 7 
OC 
1 2 3 4 5 6 7 8 
2072'' I8(K) 1500 14(M) I3(K) KXM) 800 550 500 2072 1600 1300 100 900 800 700 520 
29 0 1 0 0 1 0 0 1 1 1 0 1 0 0 1 0 0 
30 0 1 0 0 1 0 0 1 1 1 0 0 0 1 0 0 
88A 0 0 1 1 0 0 1 0 1 0 0 0 1 0 0 0 0 
92 0 0 1 1 0 0 1 0 0 0 0 1 1 0 0 0 0 
89A 0 0 1 1 0 0 1 0 1 0 0 U 1 0 0 0 0 
95 0 1 0 0 0 1 0 0 0 0 0 1 1 0 1 0 
96 0 1 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 
98 1 0 0 1 0 1 0 0 0 0 1 0 I 0 0 0 1 
91 (1 0 1 1 (1 0 1 0 0 0 0 0 1 1 0 0 0 
90 0 0 1 1 0 1 1 0 0 0 0 0 1 1 0 0 0 
90A 0 1 1 0 1 1 0 0 0 0 u 1 1 0 0 0 
81 0 0 1 1 0 0 I 0 0 0 0 0 1 0 0 0 0 
82 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
83 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 
'Band numher. 
''Band size. 
APPENDIX I. Continued 
Random Primers 
Sirain 
No. 01 CNSF 
2072 1800 1500 1400 1300 1000 800 550 500 2072 1600 1300 100 900 800 700 520 
84 0 0 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 
85 0 0 1 1 0 0 1 0 0 0 0 0 I 1 0 0 0 
86 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
87 0 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 0 
88 0 0 1 1 0 0 1 0 0 0 0 0 1 1 0 0 0 
89 0 0 1 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
77 0 1 0 0 1 0 1 I 1 I 0 0 0 0 1 0 0 
78 0 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0 
79 0 1 0 0 1 1 0 1 1 1 0 0 0 0 1 0 0 
80 0 1 1 0 1 0 0 1 1 1 0 0 0 0 1 0 0 
SI 0 I 0 0 1 0 1 1 I 1 0 0 0 0 1 0 0 
53 0 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0 
59 0 1 0 0 I 1 0 1 1 1 0 0 0 0 1 0 0 
24 0 1 0 1 1 0 0 1 1 1 0 1 0 0 I 0 0 
59A 0 1 0 0 1 0 0 1 1 1 0 0 0 I 1 0 0 
APPENDIX I. Continued 
Random Primers 
Strain 
No, 01 CNSF 
1 2 3 4 5 6 7 8 9 I 2 3 4 5 6 7 8 
2072 1800 1500 1400 1300 1000 800 550 500 2072 1600 1300 100 900 800 700 520 
31 0 1 1 0 1 0 0 1 1 0 0 0 1 1 0 0 0 
46 0 0 1 1 0 1 1 0 0 0 0 0 1 1 0 0 0 
5 0 0 1 1 0 0 0 1 0 0 0 0 1 0 0 0 0 
97B 0 1 0 0 0 I 0 0 0 0 0 1 0 0 1 1 0 
97A 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 
99A 1 0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 
34 0 1 0 1 1 0 0 1 1 1 0 0 0 0 1 0 0 
35 0 1 0 1 1 0 0 1 1 1 0 1 0 0 1 0 0 
26 0 1 0 1 I 0 0 I 1 I 0 0 0 0 1 0 0 
27 0 0 1 1 0 0 1 1 1 0 1 0 0 1 0 0 
52 0 1 0 1 1 0 0 11 1 1 0 1 0 0 1 0 0 
97 0 1 0 0 1 0 0 0 0 0 1 0 0 0 1 0 
100 1 0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 
18 0 1 0 1 1 0 0 1 1 I 0 1 0 0 I 0 0 
20 U 1 0 0 I 0 0 1 1 1 0 0 0 0 1 0 0 
21 0 1 0 0 1 0 0 1 1 I 0 0 0 0 1 0 0 
APPENDIX I. Continued 
Random Primers 
Strain 
No, 01 CNSF 
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 
2072 1800 1S(K) 1400 1300 KNH) 8(K) 550 5(H) 2072 1600 1300 100 900 800 700 520 
28 Q 1 0 0 1 0 0 1 1 I 0 0 0 0 1 0 0 
lb 0 1 0 0 1 0 1 1 1 1 0 0 1 0 1 0 0 
37 () I 0 0 1 0 0 1 I 1 0 D 0 0 1 0 0 
38 0 1 0 U 1 1 0 1 1 1 0 1 1 0 1 0 0 
63 0 1 0 1 1 0 () 1 1 1 0 0 0 0 1 0 0 
22 0 1 0 0 1 0 1 1 1 1 0 0 0 0 1 0 0 
25 0 1 0 0 1 0 0 1 1 1 0 0 0 0 1 0 0 
4 1) 1 0 0 1 0 0 1 1 I 0 0 0 0 1 0 0 
5 0 1 0 0 1 1 0 1 1 1 0 0 0 0 1 0 0 
99 1 0 0 1 0 1 0 0 0 0 1 0 1 0 0 0 1 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 
0 
0 
0 
0 
APPENDIX II. Presence or absence of random amplified polimorphic DNA markers of F. 
moniliforme (1-80), F. proliferatum (81-92), F. graminearum (95-97), and F. 
subglutinans (98-100) with the primers 04 and OPO-10 
Random Primers 
Strain 04 OPO-10 
No, 
I* 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 
SOff 600 750 900 MOO 1300 1500 1168 1000 1100 882 454 918 600 436 343 
29 1 0 0 0 0 0 1 1 0 0 I 0 0 0 0 0 
30 1 0 0 0 1 0 1 1 0 0 1 0 0 0 0 0 
88A 1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 
92 I 0 0 0 1 I 0 0 0 1 0 0 0 0 0 1 
89A 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 
95 0 1 0 1 0 0 0 0 I 0 0 0 0 0 I 0 
96 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 
98 1 0 1 0 0 0 0 1 0 1 0 0 0 1 1 0 
91 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 
90 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 
90A I 0 0 0 1 I 0 0 0 1 0 0 0 0 0 1 
81 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 
82 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 
83 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 
84 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 
'Band number. 
''Band size. 
APPENDIX II. Continued 
Random Primers 
Strain 04 OPO-10 
No. 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 10 
500 600 750 900 1100 1300 1500 1168 1000 1100 882 454 918 600 436 343 354 
8S 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 
86 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 
87 1 0 0 0 I 1 0 0 0 0 1 0 0 0 0 1 0 
88 1 0 0 0 1 I 0 0 0 0 1 0 0 0 0 1 0 
89 I 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 
77 1 0 0 0 1 0 I 1 0 0 0 1 1 0 0 0 0 
78 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 
79 1 0 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 
80 1 0 0 0 0 0 1 1 0 0 1 0 I 0 0 0 0 
51 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 
53 1 0 0 0 0 0 1 1 0 1 0 0 I 0 0 0 0 
59 1 0 0 0 1 0 1 1 0 1 0 0 1 0 0 0 0 
24 1 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0 
59A 1 0 0 0 0 0 1 1 0 0 0 I 0 0 0 0 0 
31 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 
46 1 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 
APPENDIX II. Continued 
Random Primers 
Strain 04 OPO-10 
No. 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 10 
500 600 750 900 1100 1300 1500 1168 1000 1100 882 454 918 600 436 343 354 
5 1 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 0 
97B 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 I 0 
97A 0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
99A 1 0 1 0 0 0 0 1 0 1 0 0 0 1 I 0 1 
34 1 0 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 
35 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 
26 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 
27 1 0 0 0 1 0 1 1 0 0 I 0 1 0 0 0 0 
52 1 0 0 0 0 0 1 1 0 0 1 0 1 0 0 0 0 
97 1 0 1 0 0 0 1 0 0 1 0 I 0 0 0 0 
100 1 0 1 0 0 0 0 I 0 0 I 0 1 0 0 0 0 
18 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 1 0 
20 1 0 0 0 1 0 1 0 0 1 0 0 0 0 0 ! 0 
21 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 I 0 
28 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 
76 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 
APPENDIX II. Continued 
Random Primers 
Strain 04 OPO-IO 
No. 
1 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 10 
500 600 750 900 1100 1300 1500 1168 1000 1100 882 454 918 600 436 343 354 
37 t 0 0 0 0 I 1 0 0 1 0 0 0 0 0 I 0 
38 1 0 0 0 0 1 1 0 0 1 0 0 0 0 0 1 0 
63 I 0 0 0 1 0 1 0 1 0 0 0 0 0 1 0 0 
22 1 0 0 0 0 1 1 0 1 0 0 0 0 0 1 0 0 
25 1 0 0 0 1 0 1 1 0 1 0 0 0 I I 0 I 
4 1 0 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 
5 1 0 0 0 0 1 1 1 0 0 1 0 1 0 0 0 0 
99 1 0 0 0 1 0 1 1 0 0 1 0 1 0 0 0 0 
APPENDIX III. Presence or absence of random amplified polimorphic DNA markers of F. 
monilifonne (1-80), F. proliferatum (81-92), F. graminearum (95-97), and F. 
subglutinans (98-100) with the primer LR12-R 
Random Primers 
Strain LR12-R 
No. 
1 a 2 3 4 5 6 7 8 
1208' 975 956 835 635 596 334 320 
29 1 0 0 0 1 0 0 1 
30 1 0 0 0 1 0 0 1 
88A 1 0 0 1 0 1 1 0 
92 1 0 0 I 0 1 1 0 
89A 1 0 0 1 0 1 1 0 
95 1 0 1 0 1 1 1 0 
96 1 0 1 0 1 1 1 0 
98 1 0 0 0 1 0 0 
91 1 0 0 1 0 1 1 0 
90 0 0 1 0 1 0 0 
90A 1 0 0 1 0 1 1 0 
81 1 0 0 1 0 1 1 0 
82 1 0 0 1 0 1 1 0 
'Band number. 
''Band size. 
APPENDIX III. Continued 
Random Primers 
Strain LR12-R 
No. 
1 2 3 4 5 6 7 8 
1208 975 956 835 635 596 334 320 
83 1 0 0 1 0 1 1 0 
84 1 0 0 1 0 1 1 0 
85 1 0 0 1 0 1 1 0 
86 0 0 1 0 1 0 0 
87 1 0 0 1 0 0 1 1 
88 1 0 0 1 0 1 1 0 
89 0 0 1 0 I 0 0 
77 1 1 0 0 1 0 0 1 
78 1 I 0 0 0 0 0 1 
79 1 1 0 0 0 0 0 1 
80 1 1 0 0 0 0 0 1 
51 1 1 0 0 0 0 0 1 
53 1 1 0 0 0 0 0 1 
59 1 1 0 0 0 0 0 1 
24 I 0 0 0 0 0 0 1 
59A 1 0 0 0 0 0 0 1 
31 0 0 0 1 0 1 0 0 
APPENDIX III. Continued 
Random Primers 
Strain LR12-R 
No. 
1 2 3 4 5 6 7 8 
1208 975 956 835 635 596 334 320 
46 1 0 0 0 0 0 0 I 
5 1 0 0 I 0 1 1 0 
97B 1 0 0 1 0 1 1 0 
97A 1 0 1 0 1 1 I 0 
99A 1 0 0 0 1 0 0 
34 1 0 0 0 0 0 0 1 
35 1 0 0 0 0 0 0 1 
26 1 0 0 0 0 0 0 1 
27 1 0 0 0 0 0 0 1 
52 1 0 0 0 0 0 0 1 
97 1 0 0 0 0 0 0 1 
100 1 0 0 0 0 0 0 I 
18 0 0 1 0 1 0 0 
20 0 0 1 0 1 0 0 
21 1 0 0 1 0 1 0 0 
28 1 0 0 1 0 1 0 0 
76 0 0 0 1 0 1 0 0 
APPENDIX III. Continued 
; Random Primers j 
Strain LR12-R 
No. 
1 2 3 4 5 6 7 8 
1208 975 956 835 635 596 334 320 
37 0 0 0 1 0 1 0 0 
38 1 0 0 1 0 1 0 0 
63 1 0 1 0 1 1 1 0 
22 1 0 1 0 1 1 1 0 
25 0 1 0 0 0 1 0 0 
4 1 1 0 0 0 0 0 1 
5 1 1 0 0 0 0 0 1 
99 1 1 0 0 0 0 0 I 
